Background: Observational studies have linked proton pump inhibitors (PPIs) with serious adverse effects. The study aimed to evaluate internists' perceptions of PPI harms and effects on prescribing.
Introduction
Proton pump inhibitors (PPIs) are among the most widely used drug classes in the United States [1] . However, with their increasing use, there are come concerns about misuse and overuse [2] . Physicians often prescribe PPIs without a clear indication, at higher doses, and for a longer duration than necessary [3] . Inappropriate PPI use is now attracting increasing scrutiny because of concerns about a range of possible PPI adverse effects. In epidemiologic studies, PPIs have been associated with pathology in almost every organ system [4] , including stroke [5] , dementia [6] , pneumonia [7] , gastric cancer [8] , bone fracture [9] , Clostridium difficile infection [10] , kidney disease [11] , and cardiac events [12] . However, the magnitude of these associations tends to be small, contributing to debate about the nature of these associations, which may mainly be explained by confounding variables rather than causation [13, 14] .
In the face of this growing body of research, little is known about how prescribers perceive or react to possible but uncertain adverse effects from PPIs. On the one hand, it is well known that changes in medical evidence often take more than a decade to change clinical practice [15, 16] , and this inertia might also attenuate the response of physicians to reports of possible adverse effects. On the other hand, lay media have widely covered studies of adverse effects [17, 18] , and patients are likely to discuss the topic with their physicians. If providers are changing their prescribing habits, another important question is how? Multiple strategies may be used to de-escalate (i.e., stop or reduce) PPIs, including abrupt PPI withdraw-Dealing With Uncertainty About PPI Harms Gastroenterol Res. 2018;11(1):11-17
al [19] , step down therapy, and H2 blocker substitution [20] . Whether, and how, to de-escalate PPI in an individual patient requires careful consideration of the patient and the PPI indication. We have shown that physicians tend to poorly discriminate between patients who are likely to benefit from long-term PPI use and those who are not [21] . Thus, switching PPI to an H2 blocker would provide inferior gastroprotection in patients at high risk for peptic ulcer disease, for example [22] . In order to understand more about how data on PPI adverse effects have affected real-world practice, we conducted a nationwide survey of internists in the United States to investigate perceptions and attitudes regarding PPI adverse effects and the effects of these on PPI prescribing. We hypothesized that a high proportion of physicians are taking steps to de-escalate PPIs, and that physicians with greater familiarity with and concern about PPI adverse effects would be more likely to do so.
Materials and Methods
In collaboration with the American College of Physicians (ACP), we conducted a web-based national survey of physicians, including trainees and independent practitioners in general practice or any medical subspecialty.
Study population
Our participants were members of the Internal Medicine Insider Research panel maintained by the ACP Research Center [23] . Excluding medical students, affiliate members (non-physicians), honorary fellows, and non-US members, the panel is a representative group of 1,000 ACP members who have volunteered to participate in periodic physician surveys in return for points redeemable for gift cards. The panel was started in 2011 and is regularly adjusted to represent ACP membership across multiple demographics. Within this panel, we excluded clinicians who self-reported less than 25% of their time in direct patient care. We identified 914 physicians who met these pre-established criteria for survey administration.
Survey distribution
The first email invitation was sent to the 914 physicians by email on November 11, 2013. Three additional reminder emails were sent to non-responders during the survey period of 10 days. Each participant was given $10 for completing the survey.
Questionnaire development and content
We developed a 29-item multiple-choice survey that was piloted among 10 gastroenterology and internal medicine attending physicians prior to distribution. Feedback was used to iteratively modify the survey instrument. The survey contained questions about physicians' familiarity with published evidence on the adverse effects of PPIs, level of concern about adverse effects, the extent to which "recent studies about longterm harms of PPI use changed your PPI prescribing practices", and perception of the likelihood that "long-term use of a PPI increases" any of three specific adverse effects (bone loss, bowel infections, and pneumonia).
For all of these questions, response options were on a seven-point Likert-type scale anchored by "not at all" and "extremely". The survey focused on these three adverse effects because they had been most widely discussed in the medical literature at the time of the survey. We also asked about awareness of the three possible adverse effects (yes/no), which adverse effect is most clinically important, and how frequently participants either reduced patients' PPI dose, switched a PPI to an H2 blocker, or simply stopped a PPI because of concerns about PPI adverse effects (often, sometimes, rarely or never).
Respondents provided information on their age (by decade of life), gender, race, trainee status (resident or fellow), specialization, board certification, time in practice (in 5-year intervals), clinical volume, and academic affiliation. Practice characteristics were not obtained for residents or fellows.
Analysis
For categorical variables, we calculated descriptive statistics, including frequency counts and percentages. For questions that used the seven-point Likert-type scale, we summarized scores with the mean and standard deviation (SD), as well as reported the fraction of respondents with scores greater than 1 (not at all). For analysis of how respondents have changed their practices in response to concerns about PPI adverse effects, responses were dichotomized as rarely/never vs. sometimes/ often, as others have done [24, 25] . Chi-square tests were used to compare respondents' frequency of using the three different strategies to minimize PPI use (dose reduction, switching to an H2 blocker, or simply stopping PPI), and to compare rates of awareness of the three adverse effects. To compare the perceived likelihood that PPIs increase the risk of the three adverse effects, linear regression was used with likelihood of adverse effect (on a 1 -7 scale) as the dependent variable and the specific adverse effect as the sole independent indicator variable.
To determine correlates of using PPI de-escalation strategies, we first evaluated bivariate associations between sometimes/often using any of the three PPI de-escalation strategies and four pre-specified variables: gender, years in practice, and familiarity with and concern about PPI adverse effects. We then performed multivariable logistic regression using the same four predictor variables. Concern about PPI adverse effects and familiarity with published data on PPI adverse effects were analyzed as continuous variables from 1 to 7.
For years in practice, trainees were assigned 0. Age was not analyzed because of collinearity with years in practice. Predicted probabilities of PPI de-escalation were calculated for selected levels of concern about PPI harms to illustrate regression results in the form of absolute probabilities. All reported analyses are for two-tailed testing with P < 0.05 con-sidered statistically significant. Stata version 14 was used for all analyses.
This study was deemed exempt from IRB review at the University of Michigan.
Results

Respondent characteristics
Of the 914 invited participants, 487 completed the survey for a response rate of 53%. A majority of respondents were male (70%), and the median age was 40 -49 years old (Table 1). Twenty-two percent were trainees, 58% practiced general medicine, 2% gastroenterology, and 18% another internal medicine subspecialty. Among attending physicians, 97% were board certified, the median time in practice was 11 -15 years, 49% had an academic affiliation, and most (64%) saw at least 50 patients in a typical work week.
Knowledge and perceptions of PPI harms
On a 1 -7 scale anchored by "not at all" and "extremely", 99% of respondents reported at least some familiarity (score > 1) with published scientific data on possible PPI harms (mean 4.9, SD 1.0), and 98% of respondents reported at least some concern (score > 1) about long-term harms when prescribing PPIs (mean 4.6, SD 1.3). Ninety-two percent of respondents reported that they had made at least some change (score > 1) in their prescribing practices (mean 4.2, SD 1.5). These results are shown in Figure 1 .
Eighty-five percent of respondents were aware of bone loss as a possible PPI adverse effect, 73% were aware of pneumonia, and 68% were aware of bowel infection (P < 0.001). The largest proportion of respondents (44%) were aware of all three possible adverse effects, while only 2% were aware of none. Most respondents (51%) believed that bone loss was the most clinically important adverse effect, followed by bowel infection (28%) and pneumonia (21%).
On the 1 -7 scale anchored by "not at all likely" and "extremely likely", the mean levels of perceived likelihood that PPI increases the risk of bone loss, bowel infection, and pneumonia were 4.7 (SD 1.1), 4.5 (SD 1.2), and 4.4 (SD 1.2), respectively (P < 0.001 for bowel infection and pneumonia vs. bone loss) (Fig. 2) .
Changes in PPI prescribing behavior
Twenty-three percent "often" and 50% "sometimes" made changes in PPI prescriptions because of concerns about adverse effects. Respondents used a range of different strategies for de-escalating PPIs. Reducing PPI dose was the most frequently used approach (62.6%), followed by switching to an H2 blocker (51.5%), and discontinuing PPI (43.9%; P < 0.001). In bivariate analyses, both familiarity with PPI harms (OR 1.87 (1.51 -2.31) for 1-point increase on seven-point scale, P < 0.001) and concern about PPI harms (OR 2.26 (1.87 -2.74) for 1-point increase on seven-point scale, P < 0.001) were associated with sometimes/often de-escalating PPIs. Gender and years in practice did not have significant effects.
In multivariable regression analysis, familiarity with published data on possible harms (OR 1.66 (1.31 -2.10) for 1-point increase on seven-point scale, P < 0.001) and concern about PPI adverse effects (OR 2.14 (1.76 -2.61) for a 1-point increase on seven-point scale, P < 0.001) were both independently associated with sometimes or often de-escalating PPIs (Table 2 ). Gender and years in practice had no effects. The predicted probability of de-escalating PPI for respondents reporting the highest level of concern about PPI harms (7 on the 1 -7 scale), with other covariates at their means, was 96% versus 71% for a concern level at the midpoint of the scale (4), and 20% for the lowest level of concern (1). As a subgroup analysis, we evaluated the effects of attending physicians' practice characteristics (practice setting, specialization, academic affiliation, and patient volume) on changes in prescribing habits. None were significantly associated with PPI de-escalation.
Discussion
PPIs have been linked with a growing list of serious adverse effects, but the clinical significance of these findings continues to be debated. The magnitude of the excess risk for most of the adverse effects is small, and it remains unclear whether PPIs are the cause of these adverse effects, or are linked to them in a non-causal way [14, 26] . Against the backdrop of this uncertainty, little is known about physicians' perceptions of possible adverse effects and what effect these concerns are having on prescribing behavior. In this survey, we found that internists in the United States are universally familiar with one or more reported PPI adverse effects and are concerned about them. Furthermore, prescribers are changing their PPI prescribing habits despite the ongoing debate about the true risks PPIs pose. Nearly three-quarters of respondents sometimes or often take steps to de-escalate PPIs, and physicians with greater familiarity and concern are more likely to do so. These findings clearly demonstrate that evidence of possible PPI adverse effects is creating a measure of alarm among physicians.
Respondents reported using several different strategies to de-escalate PPIs. They most frequently reduced the PPI dose, followed by switching PPI to an H2 blocker, and simply discontinuing PPIs. All of these strategies have been used in PPI de-escalation studies, but none is clearly favored based on available evidence. One RCT compared tapering doses of PPI versus abrupt withdrawal and found no difference in symptom control at 12 months [27] . Other investigators have examined the efficacy of either step-down therapy [20] or abrupt discontinuation [19] in non-randomized studies, but did not compare them head-to-head. The step-down and H2 block substitution strategies have theoretical appeal given the possibility of physiologic acid rebound hyper-secretion after PPI withdrawal, although the clinical significance of this phenomenon remains unclear [28] .
Understanding when and how physicians make decisions Dealing With Uncertainty About PPI Harms Gastroenterol Res. 2018;11(1):11-17 about PPI de-escalation is critical to ensuring that patients who truly need effective anti-secretory therapy continue to receive it and those patients who do not are taken off such medications. All PPI de-escalation strategies are not equally appropriate for all patients. For patients who require prophylactic antisecretory therapy for prevention of upper gastrointestinal (GI) bleeding, evidence suggests that H2 blockers provide only a fraction of the protection that PPIs do [22, 29, 30] . Therefore, in such patients, switching PPI to an H2 blocker would be an inappropriate strategy. On the other hand, for patients with uncomplicated gastroesophageal reflux disease (GERD), ongoing anti-secretory therapy may not be necessary at all [31] . Physicians must first make individualized risk-benefit decisions about the necessity of a PPI, and then decide the best de-escalation strategy if a PPI is not needed. However, it appears that these decisions are often discordant with best evidence. In an analysis of different data from the same survey, we found that when concerned about the possibility of an adverse effect, such as osteoporosis, physicians are more likely to recommend stopping PPIs in patients who use them for the prevention of aspirin-related upper GI bleeding versus GERD [21] . This surprising finding may represent a greater willingness on the part of physicians to continue potentially harmful medications when used for the treatment of symptoms compared to when used for preventive purposes. Physicians may benefit from interventions to help them appropriately individualize anti-secretory therapy.
Our findings raise a number of questions that merit future investigation. In real-world practice, how frequently are physicians actually taking steps to reduce PPI exposure, amid the myriad other demands during clinic visits? Which, if any, patient populations are they targeting for reduction of PPI exposure? Are patients whose PPIs are dose-reduced eventually given a trial off PPI entirely? For the most significant looming question of all -the true relationship between PPIs and reported adverse effects -an RCT may eventually be required.
Our study has a number of strengths and weaknesses. The survey included a nationally representative sample of internists in the United States and had a high response rate, suggesting that our results are generalizable. However, the survey was carried out in 2013, when studies linking PPIs to several additional adverse effects, including chronic kidney disease, dementia, and stroke, had not yet been published. These newer studies would likely further heighten prescribers' concerns about PPIs. As with any survey of medical decision making, decisions endorsed by respondents may reflect social desirability bias.
In conclusion, we have found that US internists report high levels of awareness and concern about PPI adverse effects. Furthermore, they are changing their prescribing habits to de-escalate PPIs in response. Physicians are likely to benefit from specific guidance about which of their patients can safely stop PPIs, and about which of many strategies for de-escalation are most likely to succeed.
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